I. Introduction
Lcptospirosis.
; The genus lqtospirrr is traditionally divided into two species on the basis of pathogenicity. The pathogens belong to the parasitic Lcp/ospiw i~z/wrcyru~.s are considered to belong to the same genospecies if (i) their DNAs are 70% or more related at an optimal reassociation temperature of 55°C (ii) their DNAs are 60% or more related at a stringent reassociation temperature of 70°C and (iii) related DNAs contain 5% or fewer unpaired bases (divergence). In the previous DNA-DNA reassociation study, the hydroxylapatite assay required DNA labelling with radioisotopes, which are hazardous to personnel, and microgram quantities of genomic DNA. Because of these disadvantages of the hydroxylapatite assay, we are developing alternative methods based on PCR for identifying different genospeties.
Based on (i) an analysis of Leptospira 16s rDNA sequences determined by us and of those retrieved from databases and (ii) a previously published finding [3] that restriction fragment length polymorphisms (RFLPs) within the Leptospira 16s and 23s rDNA were detected by nine restriction enzymes and these RFLPs allowed categorisation of Leptospira into eight genospecies, we predicted that one particular DdeI restriction site polymorphism within 16s rDNA could be independently used for identifications of Leptospira strains belonging to the genospeties interrogans. Two PCR-based methods, namely allele-specific amplification (ASA) and PCR-RFLP, were tested for the rapid detection of the DdeI restriction site polymorphism. Our experiments showed that the ASA method was not as specific as intended, but the PCR-RFLP method was useful for rapid identifications of genospecies interrogans.
Materials and methods

Bacterial strains
Seventy-three strains from nine genospecies of Leptospira and two field isolates, 94-7997013 and Amos, were grown in EMJH medium [4] to stationary phase for up to 7 days (Table 1) . Complete characterisations of the two field isolates will be published elsewhere by the investigators who isolated them.
DNA preparation
The genomic DNA were prepared from l-ml cultures by a CTAB-based miniprep method [5] . DNA concentrations were estimated by comparing the amount of fluorescence of the DNA sample with that of the HindIII-digested h DNA after electrophoretie separations in ethidium bromide-stained agarose gels. The DNAs were stored at 4°C.
Partial sequencing of 16s rDNA
16s rDNA PCR products of the Leptospira strains LT 79 and Perepelitsin, and those of the field isolates 94-7997013 and Amos were obtained and sequenced as previously described [6] . About 300 bases near the 5' end of 16s rDNA were targeted, since this is one of the hypervariable regions and therefore useful for species differentiation [7] .
Allele-spectjic ampltjication for genospecies interrogans
The DNA sequences determined by us were edited and aligned with other Leptospira 16s rDNA se- For detections of the predicted DdeI restriction site at positions 120-124 of the 16s rDNA of genospecies interrogans (position numbering based on Leptospira strain Moulton, GenBank accession number X17547), the primer L103 (5'-CACGTGGG-TAATCTTCCTCTG-3') was designed to bind to the positions 102-122; because its 3' end was positioned immediately after the T residue of the DdeI site, efficient extensions were expected from only those templates containing the DdeI site ( Fig. 1 ). With the assistance of the PRIME program of the Wisconsin Sequence Analysis package [lo], the melting temperature of primer L103 was found to be compatible with that of the universal primer R2 which is routinely used in our laboratory for amplifying or sequencing bacterial 16s rDNA [6] . Primer L103 was synthesised by the Centre for Molecular and Cellular
Biology, University of Southern Cross, Lismore, NSW, Australia.
The rapid cycle PCR was performed by the Rapidcycler (Idaho Technology, Idaho Falls, ID), which is an air thermal cycler that uses a circulating hot air vortex to transfer heat efficiently to small samples in glass capillary containers or thin-wall microcentrifuge tubes. The lo-u1 PCR reaction contained 0.5 pM of each of the primers L103 and R2, approximately 2 ng of genomic DNA, 0.2 mM dNTP, 1 mM MgClz, 50 mM Tris-HCl (pH 8.3) 0.25 mg/ml BSA (Sigma A2153), and 0.4 unit of Taq DNA polymerase (Promega, Madison, WI). After the reaction mix was loaded into a glass capillary tube (part 1705, Idaho Technology), the thermal cycling was carried out as follows: initial denaturation at 94°C for 15 s, followed by 30 cycles of 94°C for 0 s, 60°C for 0 s, and 72°C for 15 s, with the temperature transition rate set at 9.9, the highest on the scale. PCR products were detected by electrophoresis in a 1.5% agarose gel in Tris-acetate-EDTA buffer with the Low 
PC-R-RFLP
The PCR product used in the RFLP method was obtained with the universal primers Fdl and RI. which are directed toward the conserved regions of bacterial 16s rDNA [5] . Except for a substitution oi the primers, the composition of the lO-~1 PCR reaction was the same as that used in the ASA method. The reaction was loaded into a 0.2-ml thin-wall microcentrifuge tube. A mineral oil overlay was not required because the condensation was minimised by placing the microcentrifuge tube completely inside the fan-circulated compartment of the RapidCycler. The PCR cycle was as follows: initial denaturation at 98°C for IO s, followed by 30 cycles of denaturation at 98°C for 10 s. annealing at 60°C for IO s. and extension at 74°C for 16 s, with the temperature transition rate set at 2 on the scale. After amplification, 2 ~1 of the PCR reaction was added to a IO-@ pre-mix containing 1.2 units of D&l enzyme. 1.2 ~1 of 10X butler D, and 1.2 pg of acetylated bovine serum albumin (BSA), all supplied by Promega. Generally, a low ratio of PCR reaction volume to total volume and an addition of BSA enhanced restriction digestions. The mixture was overlaid with 20 pl of mineral oil and then incubated on a 37°C water bath for I h. RFLP profiles were obtained by the electrophoresis of restriction digests in a 3% Metaphor agarose (FMC, Rockland. ME) gel in Tris-borate-EDTA buf-fer with the I-kb ladder (Gibco) as size marker.
The DNA sequences have been deposited in the GenBank database under the accession numbers u92527 to u92530. Database confirmed that the polymorphic DdeI restriction site at positions 120-124 was present only in sequences from the genospecies interrogans and field isolate Amos (see Fig. 1 ).
Allele-sped& ampl&ation for genospecies interrogans
Contrary to our prediction, the primers L103 and R2 yielded the expected 405-bp product not only from an interrogans sample, but also from the samples of seven other genospecies (Fig. 2) . Even though the 405-bp product did not result from Patoc 1, a bz$exa sample, or from Compton 746, a putative weilii sample, the overall specificity of the primer L103 was too low for specific identifications of the genospecies interrogans. Therefore, we did not further test the ASA method on other Leptospira samples. Besides, we did not try to increase the specificity by increasing the stringency of the PCR reaction because the conditions used, including 1 mM MgC12, an annealing temperature of 6O"C, and the highest temperature transition rate of 9.9, were already stringent.
Our ASA method, which was based on a single base mispair between primer L103 and non-interrogans sequences, did not achieve the intended specificity; this was probably due to the only moderate level of discrimination of the T(primer>G(template) mispair [l 11 . Although we have previously succeeded in developing ASA for differentiating between pathogenic and nonpathogenic Leptospira, those ASA protocols were based on three or more base mispairs between primers and templates [12] . Had the specificity of the primer L103 achieved the required specificity, this ASA method would have been very rapid for identifications of Leptospira genospecies interrogans because the 30-cycle PCR reaction and the subsequent agarose gel electrophoresis of PCR products can be completed in less than an hour.
PCR-RFLP
Based on the DdeI restriction site polymorphisms previously published [3] , we predicted five RFLP profiles from digestions of Fdl-Rl PCR products of Leptospira (Fig. 3A) . Each PCR-RFLP profile was characterised by four to six restriction fragments including one unique fragment that was also the largest in that profile. Size differences of these unique fragments were sufficiently large for them to be differentiated by a high resolution agarose gel such as one made of the Metaphor agarose. Some examples of DdeI-digested PCR products separated by agarose gel and the corresponding profiles are shown in Fig.  3B ; nine genospecies are represented.
The PCR-RFLP results of 75 samples representing nine Leptospira genospecies are presented in Table 1 .
The PCR-RFLP results were generally consistent with our predictions despite a few discrepancies. The profile A predicted for genospecies interrogans resulted from 18 of the 19 interrogans strains with the exception of strain Rachmat, from which profile B resulted (Table 1) . Profile A also resulted from strains 18 R and HM 3, and the field isolate Amos, for which no genospecies had been previously assigned. Unexpectedly, profile A also resulted from three non-interrogans strains, namely Ictero No. 1, Grand River, and Lsu 1945. Ictero No. 1 was iso- lated from Japan in I9 15, and the original strain had been lost and found: doubts about the authenticity of this strain arc well documented [I 31. Furthermore. WC as well as other workers occasionally noted discrepancies in the serological properties of some strains from direrent Lcptospirc~ reference laboratorics. which indicated that those strains designated as the same serovars were actually different. Therefore. the unexpected results of Ictero No. I. Grand River, and Lsu 1945 cast doubts on the identities of these strains. and further characterisations are required to resolve the discrepancies.
The profile C predicted for genospccies h$~\-cc and imrcltri resulted from eight hifl~~rr strains and from four of the five hrcrr/cG strains with the exception of lctero No. I ( Table I ). Note that profile C also resulted from five strains that were neither h@\-cl noi &clc~i. namely SBF 23, LT 932, M 39090. L 105. :tnd Moskva V. SBF 23 has not been previously assigned to any genospecies: the association of profile C with LT 932 is actually not unexpected because its par-tiai 16s I-DNA sequence. previously determined by 746 is unusual because this strain was among 30 strains of L~ptospim isolated from a sewage treatment plant in England, and it was the only one thought to be pathogenic on the basis of antigenie similarity to the serogroup Tarassovi [14] . We have discovered other unusual features of this strain. First, its PCR-RFLP profile is unique among those of 75 Ltptoy~irrt strains (Fig. 3B) . Second. its partial 16s rDNA sequence. previously determined by us [12] , resembles that of h@.vn strains (see Fig. 1 ). Third. like hifl~~.~cc strain Patoc I, it did not yield the 405-bp product in the ASA described in this report (see Fig. 2 ). Fourth. it yielded negative results in both of our previous ASA tests developed for identifying pathogenic and nonpathogenic
The profile D was also predicted for the ~t~%'ii strain Celledoni based on the previous finding [3] : note that we actually obtained profile E from this strain (see Fig. 3B , Table 1 ). This result again exemplifies discrepancies between the identities of some strains from our laboratory and those of the same strains from another laboratory. As regards the field isolate 94-7997013, its profile E result (see Table I ) is consistent with the result based on DNA sequencing: its partial 16s I-DNA sequence resembles that of UY;-/ii strain Sarmin (see Fig. I ). Contrary to our pre-diction, the non-weilii strains Hampton and Whitcomb also yielded profile D; therefore, further characterisations are required to verify the identities of these two strains.
Within the context of a total of 75 strains, the PCR-RFLP results were in general agreement with our prediction that profile A from genospecies interrogans, profile C from genospecies bifrexa and inadai, profiles D and E from genospecies weilii, and profile B from genospecies 1, borgpetersenii, kirschneri, noguchii, and santarosai. Although a number of strains yielded unexpected results, verifications of their identities should eventually enable us to resolve these discrepancies.
The development and testing of the ASA and PCR-RFLP methods described here were prompted by a previous report containing an extensive survey of RFLPs within the 16s and 23s rDNA of 48 strains of Leptospira [3] . We have not only confirmed some of the previous findings and extended the number of samples, particularly from genospecies bzjlexa, weilii, and inadai, but also simplified the previous PCR-RFLP protocol. In our PCR-RFLP protocol, the completion time for PCR, DdeI enzyme digestion, and agarose gel electrophoresis was 30, 60, and 100 min respectively, making results available within one day. The rapidity of the PCR was due to the fast temperature transition of the air thermal cycler. Furthermore, the DdeI-digested PCR products were directly examined in a high resolution agarose gel, which was less cumbersome than the previous method that involved labelling PCR products with radioisotopes, separating the restriction fragments by polyacrylamide gel, drying the gel on a vacuum dryer, and finally detecting the separated fragments by autoradiography.
Both ASA and PCR-RFLP are indirect methods of detection of DNA polymorphisms; direct DNA sequencing is the ultimate method of detection. Latest work in our laboratory has shown that direct sequencing of PCR products of 16s rDNA can become quicker and more affordable with the use of the RapidCycler. For example, a 30-cycle PCR reaction for amplifying 500 bp of the 16s rDNA takes just 14 min, and the cycle sequencing of PCR products requires only half of the recommended volume of a commercial kit. It is conceivable that the direct sequencing of PCR products will eventually replace all other PCR-based methods for detecting DNA polymorphisms.
Until such time, our simplified PCR-RFLP method is useful in those laboratories where the DNA sequencing facility is not available in-house or readily from an outside source. Note that a similar method has been recently used for rapid and accurate identifications of the Xenorhabdus and Photorhabdus species [ 151. In summary, this study shows that rapid identifications of the Leptospira genospecies interrogans were accomplished by a simplified PCR-RFLP method.
